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Abstract
An x-ray microtomography method combined with hard x-ray imaging microscopy was developed that has a potential
spatial resolution of the order of 10-100 nm. The system consists of a high-brilliance undulator source of SPring-8, a
beam diffuser plate to reduce the coherence of the illumination, a high-precision rotating sample stage, a Fresnel zone
plate objective, and a high-resolution x-ray imaging detector. The three-dimensional images of several samples were ob-
served and successfully reconstructed with a pitch pattern of 0.6 yum.
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Figure 1. Schematic diagram of setup for x-ray imaging
microtomography. f=160 mm, ¢= 176 mm and b= 1760 mm (when
energy: 8 keV, magnification: x 10).

Jb—LV UV ARKTI® %, £/, IEBIRES»HTAH A
Ny 7/ AR, BOFBEHHICINTHz FEERS 4T
B< (10HZREE) T & T, Pk Tz 5510,
MIC XD, BEXORBATFMEER35 urad 1272 0D, &
7o, BID ARG 7V A RBFRE RENE L Tn- 7,

Wi FEFICH W22 FZP X, NTT-AT #:#, EFv —
LIV T ST 4 ETER SN DTH S, IR
0.25 um O EOLFREFHE /S 2 — v h b, vV — %100,
REOBE ST lum, MBI X VXL TH B, BEE100
um, 8keV O X FITx 9 AL SEHEIZ160 mm ([27: 5, J&
2.4 um, BEES50um OLD /8% —/ 78 FZP OFLIT
WTEh, Chptvyr—tv— AXF77,O$DFH
TEET A OREHYEE AL v S LRE RS S, W
12 C OFEGRFE T3 L0508 R O % & D, O FZP
DA 7O —LF AT Ly VAT v AEIC K55 REERE
fli7 2+ T, 1ZECOFRFOEPTIRFICE L W AFEE
0.3um ODAKRy Y A XARE LN, ZORTFHEMNK
Wik > TWB T EHRHEIrDOLN TN SHID,

A A=V, “ERA Ry 2Ry — AT
2 AAB0” Vo, THUTIE K910 um O BEES Fis Kk
(LusSiOs : Ce), HHBEMSARL v A (x12, FHOK
0.3), ZLTHHECCD N A5 (Y7 vy 4 X12 um
x 12 um ¥ 7 2L $1000 (H) X 1018(V)) 75 7% A aJ )G
ZERH ORISR TH Y, EHeE 72t A4 X 1umx1
um (ZRF L, ZEH 5 RRE O SEMME L FEIE C1.8 um TH -
726

X B ROERITT.662, 713102 TH - 7=,
COEEORBLE TOY 7 VT 4 X1 LORBEET
FNFEN013um »0.1um 78 5, F5ICIE, FZP » 5
D1IREFHDOZZH NS/, ZTOMOERBDN % 7

v FTAHIDICARRZAY v FERBOER], £L T
FZP OB ESHMEBEICE W TWA, B, AL 7 b

HDBENFIP DY v Z—E—AA v TRTTEAT
DIEDT, TNEHII2DICA A —IUBHBOBATNIC L
E—AA T v FTHROBEL200 um OET A ¥ —E BTN
%

Oy FT v TT, TANNNE =V RHT AW T
BE M ORHBIER AT - /oo ERICEVBOLNLROD



110

1 — T ® Measured Data

—Calculated Value
T

}
E . 0.4 pm
o
H ; i :

.................

;

Spatial Frequency [lp/mm]
Vertical Direction

[ 1000 2000 3000 4000 5000

WA 165525 (2003)

(b)
i — ® Measured Data
0.8
"': 0.6
= 04 -
0.2 (" (I
0 [ S

HE
0 1000 2000 (}U 1000
Spatial Frequency [lp/mm

Horizontal Direction ‘

Figure 2. Modulation transfer functions (MTF) of the optical system (plot: measured data, solid line: calculated
value) . The measured data were estimated from the image contrast of the test chart that had structures of each spatial fre-
quency. Angular spread of the illumination, aperture of the imaging device, magnification of the system, and the MTF of

the imaging detector were considered in the calculated value.
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Figure 3. X-ray tomographic reconstructed images of diatom fos-
sil (stephanodiscus niagarae) . Energy: 8 keV, number of projection:
180. (a) three-dimensional image of outer structure, (b) inner struc-
ture revealed by cropping one part of 3-D image, (c) sliced image,
and (d) intensity profile along line A-B in (c). Curved plate in (a)
and (b) below diatom corresponds to inner surface of glass capillary
used to hold sample.
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Figure 4. X-ray tomographic reconstructed images of diatom fos-
sil (Achnanthidium lanceolata), (a) (b) taken with the imaging-
tyoe microtomography (energy: 8 keV, number of projection: 360),
and (c) (d) taken with projection-type microtomography. (energy:
15 keV, number of projection: 360).
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Figure 5. X-ray tomographic reconstructed images of a piece of
Allende meteorite (energy: 8 keV, number of projection: 100). (a)
three-dimensional image and (b) sliced image (LAC: linear absorp-
tion coefficient) .
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